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-SUMMARY

Results of tensile and bend tests on specimens in the T6 condition
from 12- by 12- by 24-inch hand forgings of TOT5 (75S) and 201k (14S)
aluminum alloy are presented in this report. Thirty-six notched bend
specimens were tested as cantilever beams together with 48 tensile
specimens of materiel adjacent to the bend specimens. Two-~thirds of the
bend specimens were 1/h inch wide. In these, the critical extreme fiber
stresses were unidirectional. The rest of the bend specimens were
6 inches wide. In these, there were biaxial stress conditions at the
critical extreme fiber. The specimens were taken in the axial direction
and in both transverse directions. Photogrids were applied to all spec-
imens. The photogrids were photogrephed at frequent intervals during
each test to provide a record of the progress of deformation.

Marked differences were found in the results of tensile tests on
specimens in different directions and from different locations in the
billet. Corresponding differences were found in the results of the bend
tests.

Comparison of the results for the 1/h-inch and 6~inch bend specimens
showed that on the average the biaxial stress conditions in the 6-inch
specimens caused the strain at failure to be about 0.3 that of the
1/h~inch specimens. For the narrow bend specimens the strain at failure
over a O.l-inch gesge length at the root of the noteh was found to be
from 26 percent less to 150 percent greater than the average strain
observed in the region of fracture of adjacent tensile specimens.

It was found that the use of the average tensile strength of material
adjacent to the bend specimens as a modulus of rupture in design gave
strengths from 33 to 43 percent less for the narrow bend specimens and
from 18 to 43 percent less for the wide bend specimens than those obtained
in the bend tests. When the average tensile strength in the direction
of the bend specimen was used as modulus of rupture the strengbths were
from 33 to 44 percent less for the narrow specimens and from 17 to 43 per-
cent less for the wide specimens than those obteined in the bend test.
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The ratio of modulus of rupture to tensile strength for low-
elongetion material increased with increase in strain at fallure of the
bend specimens and with increase in strain gt failure of the adjacent
tenslle specimens.

INTRODUCTION

The present series of tests was intended_to give information on low-
elongation materials. These tests were suggested by Dr. J. M. Frankland
of the Chance~Vought Aircraft Division of United Aircraft Corporation.

He pointed oubt thaet low-ductility meterisl is particulerly notch sensi-
tlve; that, except for very mild stress concentrations, fracture starts
at a free surface (ref. 1); and that, consequently, biaxiel tension
usually is the worst condition encountered. The cantilever bend speciw
mens used’ in these tests had nearly uniexial tension in the critieal
extreme fiber for the narrow specimens and had transverse tensile gtresses
gbout one-~third as great as the axial stress in the elastic range (greater
in the plestic range) for the wide specimens. This limited range of
biaxiality was expected to be sufficient to give a measure of the per-
formance of low-elongstion materials under biexlel stress conditions.

The choice of 201t and TOT5 aluminum-slloy hand forgings for ‘the
test specimens was based on their current widespread use; however, it
was hoped that the results would be of general value for design with
low-elongation materials.

The suthors wish to acknowledge the assistance of other members of
the staff of the National Bureau of Standards, in particular, that of
Mr. Samuel Levy and the late Mr. A. E. McPherson who established the
program, Mr. C. I. Pope who produced the photogrids, Mr. A. J., Altmenn
under whose supervision the test fixtures and specimens were made, and
Mr. D, F. Hoeschele, Jr., who assisted with the tests.

The work described herein was conducted at the Nationsl Bureaun of
Standards vmnder the sponsorship and with the financial assistance of the
Nebtionel Advisory Committee for Aeronauties.

MATERTATL. AND SPECIMENS

One forged billet each of alumimum alloys TOT5 and 201k approximately
12 inches by 12 inches by 24 inches was obtained from the Alumimm Compeny
of Americe in the F condition and the Thl condition, respectively.
(originally a billet of 2014 was obtained in the T6 condition. It warped
excessively and even cracked while being sawed into pieces. Work on this
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billet was stopped while the second cut was being made.) The sides of
the billets were as forged, but the ends had been sawed square. No
informetion was furnished as to how much had been cut from the ends of
the billets. Two cornmers of the 201L-Thl billet were rounded on the
end from which the "X" and "Y" specimens were eventually taken. Pre-
sumebly, very little was cut from that end. The cross sections of the
billets were slightly oversized.

The msker's ultrasonic inspection of the TOT5-F billet indicated
one small defect or discontinuity. Its location was not within any of
the specimens. No discontinuity in the 2014-T41 billet was reported by
the maker.

The three axes of symmetry were arbitrarily assigned the letters
X, Y, end Z, as indicated in figure 1.

Each billet was sawed into 10 pieces. Each piece was approximately
12 inches by 12 inches by not greater than 3 inches thick, in accordance
with the meker's recommendation for maximm thickness for heet treatment.
The pieces were then heat-treated to the T6 condition by the maker.

The trensverse (Y and Z, fig. 1) specimens, usually considered most
likely to have the lowest elongation, were from the central portion of
the billet. Notched bend and tensile specimens were taken from each
pilece so that there was a tensile specimen from the location adjacent to
each bend specimen. In each tensile specimen the median plane normal to
the thickness was at about the same.level as the root of the notch of an
adjacent bend specimen. All the material in the gage lengths or at the
roots of the notches was more than one-tenth the width of the billet
from the sides of the billet with the exception of about half the width
of the outer longitudinel tensile specimens.

The details of the sampling are indicated in figure 1. Bach spec-
imen in the regular sampling was glven a 5-symbol designation as follows:

(1) The first symbol indicated the billet.
A Indicates TOTH-F
C indicates 2014-TL1

(2) The second symbol indicated the piece.
2, 3, and 5 as indicated by the numbers in brackets in figure 1.
(Pieces 1, 4, and 6 were set aside for fubture tests.)

(3) The third symbol indicated the direction of principal stress.
X, Y, and Z as shown in figure 1

(4) The fourth symbol indicated the reference end of the specimen,
the end of the slice nearest the notch or center of the gage length, as
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shown in figure 1.
M indicates middle
E indicates end
L indicates left
R indicates right
T indicates top
B indicates bottom

(5) The f£ifth symbol indicated the slice.
Even numbers, 2 to 8, indicate tensile specimens (fig. 1)
0dd. numbers indicaete bend specimens

The notched bend specimens were made in two widths, l/lL inch and 6 inches,
end had the profile shown in figure 2. They were designed to be tested as
cantilever-beam specimens with the lerge end the reaction end and the
notched side in tension. This type of specimen is especially suitaeble
for obtaining a photographic record of the deformation during the test
since the region of highest stress is small and does not move much before
failure. The depth-width ratios of the beams were 4:1 and 1:6 for the
1/4-inch and 6-inch widths, respectively, on the basis of the uniform
depth and 3:1 and 1:8, respectively, on the basis of the depth at the
root of the notch. The theoretical extreme fiber stress 0.05 inch

. elther side of the root of the notch, neglecting stress concentration

due to the notch, differs from the extreme fiber stress at the root of
the notch by less than 1 percent. The nobtch is a mild stress-ralser.

The stress-concentration factor, in the elastic range, at the root of

the notch of such a cantilever beam is, according to Neuber (ref. 2),
approximately 1.4 referred to the extreme fiber tensile stress for a
wiform beam having the dimensions of the net section. This is equivalent
to a stress-concentration factor of approximately 2.5 referred to the
gross section.

The tensile specimens corresponded to the Federal type-5 tension
test specimen with a 2-inch gage length for a sheet thickness of l/ll- inch
or less (ref. 3). They were nominally 1/8 inch thick.

A grid of lines spaced nominally 0.250 millimeter (0.0l in.) apart
wes placed on one face of each of the aforementioned specimens by a
photogrid process (ref. 4) using Dyrite emulsion. Check measurements
were mede on the grids before the specimens were tested.

A tensile specimen and a compressive specimen with cross sections
1/2 inch in diameter were taken in the longitudinal direction end in one
of the transverse directions from each billet for determining the stress-
strain relations to a strain of about 1 percent. The tensile specimens
corresponded to the Federal type-l tension test specimen (ref. 3). The
compressive specimens were 211; inches long. ’
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PROCEDURE

The tensile tests were made in fluid-support, Bourdon tube, hydraulic
testing machines having Tate-Emery load indicators. The Federal type-=5
specimens were held in Templin grips and were tested at a "crosshead speed"
of about 0.1 inch per minute.

The bend tests were made in one of the machines used for the tensile
tests. The principal details of the test fixture can be seen in figure 3
vwhich shows a wide bend specimen ready for testing. The large (reaction)
end of the specimen, A, was clamped to a steel block, B, which was bolted
to two channels, C, resting on the loading head, D, of the machine. A
loading arm, B, was bolted to the other end of the specimen. ILoading was
accomplished through a ball-ended push rod, F, about ll% inches long which

was engeged in spherical seats, one attached to the weighing head of the
machine and the other, in the loading srm at a distance of 20 inches from
the root of the notch in the specimen. The narrow bend specimens were
tested with the same Pixture (fig. 4) with additionsl blocks for centering
and alining the reaction end of the specimen. Guides, G, were provided
near the thin end of the specimen and nesr the push.rod end of the loading
arm to eliminate any tendency toward bending of the specimen sbout the
axis of its least moment of inertia. The crosshead speed for the bend
tests was over 1 inch per minute. The bend tests on the average took

about l%; times as long for the 2014-T6 specimens and sbout l%- times as
long for the TOT5-T6 specimens as the tensile tests.

Records of the deformation of the specimens during testing were
obtained by photogrephing the grid with a Micro-File Camera, H, figures 3
and 4, attached to the loading head of the machine, in which umperforated
35-millimeter Micro-File panchromatic film was used. The camera was
adapted to photograph at natural and at half size. The 2014-T6 tensile
specimens were photographed half slze. The rest of the specimens were
photographed natural size. Illumination wes furnished by two 15-watt
fluorescent daylight lamps with white enameled reflectors and with their
exes 5 inches from the specimen and 2.5 inches elther side of the axis
of the lens. The specimens were photographed at no load or at a small
initial load to obtain a basis for the strain calculations. FPhotographs
were taken at intervals during the first part of the test. Near the end
of each test, the cemera was operated at its continmuous rate of about
67 frames per minute. Each frame number, as soon as it appeared on the
counter, was read into the microphone of a tape recorder together with
the load readings at frequent Intervals.

Measurements on the specimens and on the negatives were made with a
comparator having a microscope which megnified 100 diameters and having
greduastions at intervals corresponding to 0.001 millimeter travel of the
stage.
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The fractured tensile specimens were examined to determine the
location of the minimum loecal elongation at the fracture. A longitudinsl
line through this location was selected, along which measurements on the
specimen or on the negetives were made. Elongation messurements were
made on the fractured tensile specimens from each end of the gage length
to the edge of the fracture. The values thus obtained sre somevwhat lower
than values obtained in routine measurement of total distance between
gage marks while the two perts of the fracture are pressed together.
Strein Jjust before fracture was usually determined from measurements on
the negatives. Readings were taken at each intersecting grid line in the
vicinity of the fracture and at greater intervals along the rest of the
gege length. For some of the TOT5-T6 specimens the strain just before
fracture was estimated from the residual strain in the fractured specimen,
excluding the spaces in which local necking took place.

The bend-specimen photogrid measurements were made either at the
edge of the notch or along a line tangent to the root of the noteh or
perallel to the tangent at a distance of less than 0.0l inch. Determi-
ngtions of strain Jjust before fracture were made from measurements on
negatives. Measurements were also made on several of the fractured
TOT5-T6 bend specimens. '

The tensile and compressive specimens with round cross sections were
tested in the testing machine used for most of the obther tests. A pair
of Tuckermsn optical strain gages with a l-inch gage length was used to
measure strain. The stress rate was approximately 2,000 psi/min.

RESULTS
Tensile and Compressive Tests

The results of the tensile and compressive tests in which the spec-
imens were subjected to strain up to 1 percent are given in table I.

i
The results of the tensile tests of the 7075-T6 and the 201L4-T6
photogrid specimens are given in tables IT (a) and IT (b), respectively.

The TOT5-T6 specimens showed marked differences in tensile properties
with direction. Also, for specimens in one direction ‘there was often a
greater difference between specimens from the same glice than between
specimens in the same relative location in slices 6 to 9 inches apart.
The "E" group of longitudinal specimens had the highest elongation in
2 inches. The elongation for the "M" group of longitudinal specimens
averaged sbout 0.6 as high as that for the "E" group. The transverse
specimens in the Y-direction had the lowest elongations end there was
little difference between the two groups. The elongations of the
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transverse specimens in the Z-direction fell into two groups, the "B"
group which had elongations slightly above the poorer longitudinal group
and the "T" group which had elongations about the same as those of the
transverse specimens in the Y-direction. The differences in tensile
strength were not. so marked. However, for each direction the average
values of tensile strength for the two groups were in the same order as
the avei*age elongations.

The differences in tensile properties of the 2014-T6 specimens in
‘the three directions or between'groups of specimens according to location
were not nearly so marked as the differences in tensile properties of
the TOT5-T6 specimens. The transverse specimens in the Y-direction had
the highest average tensile strength and elongation. They were followed
by the longitudinal specimens and by the transverse specimens in the
Z-direction in that order.

More than helf the tensile specimens broke outside the middle third
of the gage length. While this niay have affected some of the individual
vaelues of elongation in 2 inches there 1s little likellhood that the
group differences discussed previously were affected.

Out of 2 specimens of each materisl, only 4 of the T075-T6 specimens
and 2 of the 2014-T6 specimens broke within 1/8 inch of the location
corresponding to the root of the notch of an adjacent bend specimen.

These were all among the more ductile specimens.

The five TOT5-T6 specimens which broke at a strain of over 10 per-
cent and the eight 2014-T6 specimens which broke at a strain of over
5 percent in 2 inches were the only ones for which the load became con-
stant or decreased before fracture.

Cracks appeared in some of the tensile specimens (in some of the
bend specimens, also) before fracture. Ususlly these cracks were not
associated with the final fracture. A view of specimen A5ZBlL after the
fracture is shown in figure 5(a). This specimen broke at a stress of
734100 psi and at an average strain in 2 inches of over 8 percent.
Although several cracks were visible in the photograph taken less than
a second before fracture (fig. 5(b)), there was no evidence of cracks
along the line where the fracture occurred. There were definite indica-
tions of the crack pointed out by the arrow (shown in fig. 5(b)) in a
photograph teken sbout & minute before at a stress of 70,400 psi and a
strain of gbout 5 percent.

Values of strain in 0.0l inch Just before fracture are shown in
figure 6(a) together with values of residual strain cbtained from messure-
ments, after fracture, on the game tensile specimen in the region of the
fracture. Further straining in the last fraction of a second before
fracture was limited to a very small region.
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Values of strain in 0.l inch for the tensile specimens just before
fracture are given in table II for comparison with corresponding values
of strain for the bend specimens (teble ITI). The measurements of strain
obtained from photographs of the tensile specimens just before fracture
showed that for nearly all the specimens, other than those for which the
load became constant or decreased before fracture, the meximm strain
in 0.1 inch could be obtained within +0.005 from

5 X Strain in 2 inches
I

Meximum strain in 0.1l inch = - 0.0025

Bend Tests

The results of the tests of the TOT5-T6 and the 2014-T6 notched bend
specimens are given in table III.

Values of straln in 0.0l inch Just before fracture are shown in
figure 6(b) together with values of residusl strain obtained from meas-
urements, after fracture, on the same nerrow behd specimen near the root
of the notch. The bend specimen was adjacent to the tensile specimen
for which similsr data are shown in figure 6(a). Strain accompanying
the fracture of the bend specimens was not so localized as that for the
tenslile specimens. .

In genersl, the values of modulus of rupture and of extreme fiber
strain in 0.1 inch Just before fracture fell Into the same groupings as
.the corresponding tensile strengths and elongations in 2 inches. TFor
the more ductile groups the values of modulus of rupture for the wide
specimens were gbout the same as those for the narrow specimens., For
the less ductile groups the values of modulus of rupture for the wide
specimens were much less than for the narrow specimens. The extreme
fiber strain in 0.1 inch just before fracture was in each cace much
smaller for the wide specimen than for the narrow speclmens of the same
group, the average ratio being sbout 0.3. The strain in 0.1 inch Just
before fracture for the narrow specimens varied from 26 percent less to
150 percent more than the corresponding average strain for adjacent
tensile specimens.

METHODS OF ANALYSIS

Ratios of modulus of rupture of a bend specimen to the average
tensile strength of the adjacent tensile specimens (table ITI) varied
from 1.50 to 1.76 for the narrow specimens of TOT5-T6, from 1.46 to
1.73 for the narrow specimens of 2014-T6, from 1.27 to 1.76 for the
wide specimens of TOT5-T6, and from 1.22 to 1.68 for the wide specimens

of 2014-T6.
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If the tensile strengbths of adjacent specimens are taken as values
of modulus of rupture in design, the design strengths would be from
0.57 to 0.68 times the observed velues for the narrow specimens and
from 0.57 to 0.82 times the observed values for the wide specimens.
Similarly, the ratios of average tensile strength in one direction to
obgerved values of modulus of rupture of specimens of the same material
in the same direction vary from 0.56 to 0.67 for the narrow specimens
and from 0.57 to 0.83 for the wide specimens.

Ratios of modulus of rupture to tensile strength generally
increased with the extreme fiber strain in 0.1 inch just before
fracture (fig. 7). For the narrow bend specimens the equation
Modulus of rupture . }

el ot — = 1.43 + 2.6e;, represents the data within £0.05 for
values of ¢p between 0.02 and 0.08 where e, is the extreme fiber

strain in 0.1 inch in the bend specimen Just before fracture. For the
more ductile specimens the ratio of modulus of rupture to tensile
strength was somewhat lower than that given by the equation; however,
for these specimens the ratio was 1.58 or above.

The effect of low ductility is much more marked for the wide bend
specimens. For these specimens the equation

Modulus of rupture
=1 . dat +0.
Tensile sirength + 27.5¢, represents the data within 10.16 for

values of e, between 0.008 and 0.022. For the other specimens the
ratios were 1.69 or sbove.

Similar relations hold with regard to the average strain ¢; in
2 inches Just before fracture in tensile specimens adjacent to the bend
specimens (fig. 8). This enables one to estimate modulus of .rupture
from the tensile data. For all the narrow bend specimens, the modulus
of rupture equals (1.5 t 0.1 + 2¢t) times the tensile strength. For
the wide bend specimens, with the exception of those with ratios of
modulus of rupture to tensile strength above 1.6 and strains of adjacent
tensile specimens above 6.5 percent, the modulus of rupture equals
(1 + 0.12 + 12.5¢t) times the tensile strength.

DISCUSSION

The behavior, during machining, of the material from which the spec-
imens were mede indicates that residusl stresses in the specimens were
very small or were quite localized. There was very little warping during
the machining and the tensile specimens were as straight as, or straighter
than, those usually obtained from a flat sheet. The effects of residual
gtresses were vividly shown by the warping and spontaneous splitting
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which occurred during the sawing of the 201L4-T6 billet upon which work
was discontinued during the second cut.

The marked differences in the elongations of speclimens in the same
direction, but with their test sections originally sbout 4 inches apart
in the billet, show the importance of adequate sampling in obtaining
representative mechanical properties in large forgings. While the cor-
responding differences in tensile strength were not great, because of
the relatively low slopes of the stress-strain curves above strains of

1 to ]% percent, differences in elongation would result in appreciable

differences in tensile strength for specimens bresking at lower stralns.
An explanation of the differences In elongetion with direction and with
location would require metallographic examinations which are outside the
scope of this investigation. However, it seems reasoneble to suggest
that the directional metallurgical characteristics, both of a forging
at points of greatest stress and of the test specimens, should be con-
gidered in sampling the material.

A gage length of 0.1 inch was chosen as the basis of the strain and
elongstion measurements for several ressons. The theoretlcal extreme
fiber stress, neglecting the stress concentration due to the notech,
varied by less than 1 percent over a gage length of 0.1 inch symmetrical
to the root of the notch in a bend specimen. A gage length of this
order enables one to obtain fairly consistent messurements of strain
despite local irregularities in the yielding of the materlal and possible
experimental errors. The relation between strain in 0.1 inch and strain
in 2 inches, which was found to hold for the less ductile tensile spec-
imens, made possible a comparison of the strain in 0.1 inch just before
fracture in the bend specimens with the strain in 2 inches Jjust before
fracture in the tensile specimens. The latter may be obtained with an
autographic stress-strain recorder operating to fracture.

Comparison of strain just before fracture with residusl strain after
fracturé showed that the straining associated with the fracture was much
more localized in the tensile specimens than in the bend specimens. This
indicates that the strain just before fracture is the better basis for
comparison of the tensile and bend tests.

Stress concentration due to the notch did not seem to affect the
results of the bend tests to any great extent. Computetions of moment
were made for four of the narrow bend specimens on the assumption that
the strain gradient was uniform from the strain at the root of the notch
o an equal but negabive strain at the opposite edge of the section.

The stress distribution was in accordence with an "average" stress-strain
relstion Iin tension and compression. This was obtailned from tensile data
for the adjacent speclimens by compubing the true stresses corresponding
to several values of strain and adjJusting this stress-strain relation
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for the difference between the temsile yield strength (offset = 0.2 per-
cent) and the aversge of the tensile and compressive yield strengths.
The experimental values of moment were from 1.7 percent less to T7.T per
cent greater and average 2 percent gregter than the calculated values.
If the stress-ralsing effect of the notch had been considered in the
calculetions, the average difference would have been still greater.
However, the effect of even such mild stress-raisers as these would be
expected to'be serious for material with elongation near zero.

The greatly reduced values of extreme fiber strain in ‘the wide bend
specimens Just before fracture as compared with the corresponding strains
in the nearby narrow specimens mey be gttributed largely to the biaxial
stress conditions in the wide specimens. It is possible that the dif-
ferences may hgve been increased by a size effect, as indicated by the
notch bend tests reported in reference 5. In those tests a highly
biaxial stress pattern was induced by a sharp notch. Bend tests of
geometrically similar specimens showed that the final strain decreased
as the size of specimen was Increased. Data to evaluate the relative
effects of bisxliality and of size of specimen were not cobtained either
in those tests or in the present tests.

The modulus-of-rupture values for wide bend specimens adjacent to
tenslile specimens which elongated without increase of load or showed
significant localized ylelding were approximately the same as. those for
the corresponding narrow bend specimens even though the gtrains Just
before fracture were much lower. Apparently, the moment required for
the induced transverse stresses was approximetely equal to the decrease
in moment due to the lower strain before fracture. For the less ductile
materiasl, the stress gradients corresponding to the differences in
breaking strein were greater so that the net changes in moment would be
decreases. This would sccount for the modulus-of-rupture values for the
less ductile specimens being less for the wide than for the narrow
specimens.

No definite informgtion as to the behavior of material with elon-
gation near zero was furnished by these tests. The lowest net elonga-
tion was 1 percent (l.5-percent standerd elongation) end the corre-
sponding strain in 0.1 inch just before fracture was 2.2 percent. The
extreme fiber strains in 0.1 inch Just before fracture were 2.2 percent
and 0.8 percent for the narrow and wide bend specimens, respectively.
If the same relationship between the limiting strains of the narrow and
wide specimens should hold for material with elongation approaching
zero, the ratio of modulus of rupture to tensile strength would be much
less than one for specimens of such material in which highly biaxial
stress conditions exist.
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CONCLUSIONS

Tensile end bend tests on material in the T6 condition which was
cut from 12- by 12- by 2k-inch hand forgings of 7075 and 2014 aluminum
alloy lead to the followihg conclusions:

(1) The stress and strain at failure varies with the location and
the direction of the specimen in the forging, but there is no consist-~
ent relation between the values for specimens parallel to the direction
of the length of the forging and the values for specimens in either
trangverse direction. This, together with the variability shown by
specimens in the same direction, shows the need for adequate sampling
in determining the properties of large forgings.

(2) Biexial tensile stress conditions , resulting from induced
transverse stresses combined with direct bending stresses, cause fracture
to occur at a much lower strain than for bend specimens in which the
critical stresses are uniaxial. This results in a marked reduction in
strength for low-elongation meterial but not for materisl which yields
appreciably under temsile stress at the maximum load.

(3) The use of the tensile strength of adjacent material for modulus
of rupture in design results in conservative values for sound material
with little residual stress, if the critical stress pattern is uniaxial
or, if blaxial, for material with net elongstion of 1 percent or greater.

(lt) The ratio of modulus of rupture to tensile strength for low-
elongation material increases with increasse in straln at the beginning
of failure.

National Bureau of Standards,
Washington, D. C., August 2, 1954.
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TABLE I.- RESULTS OF TENSILE AND COMPRESSIVE TESTS TO 1 PERCENT

STRATN ON SPECIMENS FROM ATLUMINUM-ALLOY FORGINGS

Yield Initial
Location in
Test Direction |billet (between|SCFooErty kst|TOAES Of
spect s) offset, elasticity,
0.2 percent) ksi
TOT5-T6: ;
Tensile Longitudinal| A3XEL and AZXMU4 66.3 10,300
Compressive|Longitudinal| A3XEL and A3XML 69.6 10,300
Tensile Transverse |A2YL6 and A2YR6 63.7 10,200
Con@Tzessive Trensverse |A2YL6 and AZYR6 68.0 10,200
2014-T6:
Tensile Longitudinal| C3XEL and C3XML 58.3 10,600
Compressive |Longitudinal|C3XEl and C3XML 59.7 10,600
Tensile Transverse |C5ZBY and CSZThL 57.6 10,600
Compressive| Transverse |C5ZB4 and C5ZT4 60.2 10,600
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Het Strain
gpectomn | Jombe | STTLT | molin
strength e 3 ore Remarks
nuber kai ? percent fracture,
(e)
Longitudinal specimens
ASR2 T9.5 T4 10.6
Azl .8 1.3 10.5
A3XME T5.4 1.2 8.6 Fracture was outside middle third of gage length;
fracture was within 1/8 in. of location of root
of notch of adjacent bend specimen
AZXMB B80.5 6.9 10.2 Fracture was outside middle third of gage length
Average M 1.6 7.2
A3XE2 8L.7 12.1 —— Fracture was outside middle third of gage length;
fracture was withdn 1/8 in. of location of root
of notch of adjacent specimen; load became
constant or decreased before specimen
A3XEN 79.0 13.1 28.2 Fracture was outside middle third of gege length;

A3xEB 8.7 10.5 23.9 Fracture vas outside middle third of gage length;
load became constant or decreased before speci-
men broke

Average B 80.2 11.8

Average X 78.9 9.

Trensverse specimens

Azi2 68.3 1.3 1.9 Fracture wes outside middle third of gage length

AZYLY T2.1 35 k.9

A2YL6 68.2 1.2 ——— Fracture was outside middle third of gage length

AZY18 68.8 1.k 2.1

Average L 69.4 1.8

AZYR2 T0.5 2.1 3.3

AZ2YRhL T2.1 3.6 5.2

A2YR6 68.9 1.2 ——— Fracture was outside middle third of gage length

AZ2YRB T0.5 1.k 2.9

Average R T0.5 2.1

Average Y 69.9 2.0

ASZT2 1.9 2,1 2.6

ASZTY .2 2.1 2,5

ASZT6 T0.7 3.1 kb

ASZT8 T0.3 2.0 k2

Aversge T 7.5 2.3

ASZB2 b7h3 bg.1 —— Fracture vas outside middle third of gage length

ASZBY 5.1 T5 9.7

A%ZBS T2.6 9.9 16.7 I.oadmbecame constent or decreased befare specimen

ASZB8 b 8.1 8.0 Fracture was outside middle third of gage length

Average B 3.0 8.5 .

Average Z T2.3 5.4

%memﬂﬂmnhms,emmingmmed@sdm. They are a little lower than values
cbtained from routine measurement of total distance between two points originally 2 in. apart. With addition
of elastic strain at fracture they would be gpproximately equal to maximum strain recorded by an antographic
recorder.

Pregt was stopped near end (stress Th.3 ksi) to reload cemera. Several false starts were made in
resuming test because of imperfect switch comection; fracture occurred soon after final resuption of tast
a.tumsmuyhighload.tngrate;ex.cluﬂ.ednmamges.
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TABLE IT.~ RESULES (OF TENSTLE TESTS ON SPECIMENS - Concluded

(b) 20146 forging

Tet Strain
Tensile elongation in 0.1 in.
Epecinen strength, in21n., | jost before Remarks
ki percent »
(a) percent
Longitudinal specimems

C3RM2 64.5 N . %

c3th: 64.6 3.3 5.2

o35 64.2 2.9 .k Fracture vas outside middle third of gege length

Cc3xM8 2.2 3.8 5.1

Average M .6 3.2

C3XB2 .6 2.1 3.7 Fracture was outside middle third of gage length

C3XEL T 5.2 7% Fracture vas outside middle third of gage length;
load became constsmt or decreased befare specl-
men broke

C3XE6 6.3 2.8 3.5 Fracture wvas outside middle third of gage length

C3XE8 65.3 1.8 3.3

Aversge R 65.2 2.9

Aversge X 64.9 3.0

Transverse gpecimensg

o2 66.1 5.8 — Load became constent or decressed before specimen
‘broke

CayYLh 65.8 3.7 5.5

c2xLs 65.6 T.3 —— Load became constant or decreased before specimen

v ‘broke
cz8 67.1 7.3 20.3 Fracture vas outside middle third of gage length;
. fracture wes within 1/8 in. of location of xoot
of notch of adjacent specimen; loed becams
. constant or decreased before gpecimen broke

Average L 66.2 6.0

C2YR2 65.8 5.1 7.1 Fracture was outside middle third of gage lengthj
load became constant or decreassed before speci.
men broke

C2YRh 65.2 1.5 6.9 Fracture ves outside middle third of gage lemgth;
losd became constent or decreased before speci.
men broke

C2YR6 66.% T4 15.2 Fracture vas outside middle third of gege length;
fracture was vithin 1/8 in. of location of root
of notch of aldjacent bend specimen; load became
constant or decreased befaore specimen baxoke

C2YR8 67.1 7.6 20.0 Fracture vaa outside middle third of gage length
load became constant or decreased before speci-
men broke

Average R 66.1 6.2

Average Y 66.1 6.1

c52r2 62.9 1.9 3.5 Fracture was outside middile third of gage length

o5 61.2 1.k 2.5 Fracture was outside middle third of gage length

c5Zm6 g. 2.0 3.3 Fracture was outpide middle third of gage length

c5zZ18 T 1.k 2.3 Fracture was outside middle third of gage length

Aversge T 63.2 1.7

chzm2 6L.1 1.3 2.3

C3ZB% 6.5 1.0 2.2 Fracture vas outside middle third of gage length

C5ZB6 63.3 1.3 2.2

C5ZB8 6h.1 1.3 2.3

Average B 62.5 1.2

Average Z 62.9 1.5

of elastic strain at fracture they would be epproximately equal. to mexdmm strain recoxrded by an autographic

recorder.




TARIA IfT.- EESOLES OPF BEND TESTS ON SPECIMERS FROM ALUMININAALICY FORGINGE

— e — =

62l ML VOVN

Rabio of modulus of rupture Txtreme fiber strain in * Ratic of axtrems fibar strain
Hodulus to average tensile strangth 0.1 in, just before to average strain
of of adjacant specimans fracture, percent of adjacent tensila speaimens
rupture,
Xsd
Naxrow bend Wids bend Farrow band Wids bend ¥Merrow bapd ¥Wids band
specimens spooimens speoinens spacimens spagimens wpocimens
' 075-6
1, 121.9 1,58 8.1 0.T7
9 132.2 1.76 k.8 0.50
/L 3.7 1.69 k.6 1,55
:|.£u 139.0 1.75 £5.8 8.0
138.8 1.7 5.8 W18
1 1384 L7 20.7 89
1£u 116.6 1.66 . 6.9 p.0% .
103.1 N7 1.7 54
1 0 1. k.9 83.5%
:.ﬁ e/ w53 8.0 1.5
13&.2 1.e7 1.0 219
1/ N 1.% a,9 81.00
:Léh 110.% 1.m2 3.6 1.k
4.2 1.351 1.7 b9
1/ 109.9 1.% 3.5 .81
1£h 117.9 1.6 n.7 8.1
ﬁ" 1.72 6.1 A6
1/ T 1.7 20.2 1.62
200476
100.8 1. k5 0.97
1@ 95.& % 1.48 1.5 132 0.31
v o1 i3 33 = >
5 106.3 1.6 1.8 53
/4 100.6 1.g 3.8 1.)2
1£A. 105.8 1. 6.1 1,11
5 ﬂ.& 1.68 3.1 8=
.5 1. ——— -
106.6 1. 9 1.13
léh 106.0 g 1.6 T 2.2 .20
/% 0.3 1.66 15.0 o
:Léh oL 1. 2.7 . :
B3.5 1.k 1.5 52
v .8 1% Y s
£“ .1 ) 1.ee ) .8 ) .36
/4 95.2 1.k6 3.1 1.58

i
|
E
|

Lt
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Figure 2.- Notched-bend-specimen profile.
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Figure 3.~ Wide bend ppecimen ready for teBt.
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Figure k.- Narrow bend specimen ready for test.
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(a) After frecture. (b) Befare fracture.
Figure 5.- Portion of specimen ASZBY.
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(a) Tensile specimen AZOMY.

Figure 6.~ Strein in 0.0l inch in vicinity of fracture.

(b) Bend specimen ATXM3.
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Figure T.- Relation between extreme fiber strain in 0.1 inch Just before
fracture in bend specimens and ratio of modulus. of rupture to average

tenslle strength of adlacent tensile specimens.
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Figure 8.- Relation between aversge maximum gtrain in 2 inches in tensile
gpecimens and ratio of modulus of rupture to average tensile strength

of adjacent tenslle speclimens.
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